In this work, non-adiabatic effects manifested in the magnetic properties of ground band in even-even deformed nuclei are studied. A simple phenomenological model, which takes into account the Coriolis mixing of states of the ground and K π = 1 + ν bands, is proposed. Using perturbation theory, corrections to the wave functions of states are determined. In addition, an analytical expression to determine the g R -factor of the states of ground rotational band is obtained. The decrease in g R -factor with increasing angular momentum I is discussed. The accuracy of the approximation is verified. The determined values of wave functions of different methods are found to be close to each other.
Introduction
The study of the spectroscopic characteristics of rotational states of the ground band still occupies a large part of current research in nuclear structure [1] . The experimentally observed non-adiabaticity in the high spin states of the ground band can, theoretically, be explained as a result of the intersection of the ground band with other bands that have large values of moment inertia. This non-adiabaticity effect is manifested in the moments of inertia and reduced probabilities of E2-transitions between states located near the intersection.
Experimental values of the reduced probability of E2-transitions between rotational states of ground band is well described by the adiabatic theory [2] [3] [4] [5] [6] [7] . Therefore, in deformed eveneven nuclei, Bohr-Mottelson and Bengtsson-Frauendorf determined the inertial parameters of the core by using low-spin values of the energy of the ground band [8] .
Andrews et al [9] have studied the state of the ground band in practice according to the spin I = 16 isotopes of 160 Dy and 170,174 Yb using 85 Kr ions with energy of 350 MeV for the Coulomb excitation. Their findings reveal that an increase in the angular momentum I will result in a decrease of the g R -factor.
In this paper, we will study the reasons for the reduction in the observed values of the g R -factor with spin. A simple phenomenological model that takes into account the Coriolis mixing of states of the ground and K π = 1 + ν bands is proposed. With the use of perturbation theory, corrections in the wave functions of the states are determined. An analytical expression for g R -factor for the states of ground rotational band has been obtained.
Wave function of excited states
To analyze the properties of states of the ground band in deformed nuclei, the phenomenological model of [4, 5] has been utilized. The basis states of the Hamiltonian include the ground (gr) and all experimentally known K π = 1 + ν bands. The wave functions can be written as follows,
Here, ν is the number of 1 + states that have been included in the basis states of the Hamiltonian,
I
K,K are the amplitudes of mixing of the basis states and takes the form
where ϕ I K ,K are the first order corrections obtained by the perturbation theory for the states of K-band and has the form: for the ground band (K = gr)
and for
Here, ω 1 ν is the bandhead energy, 1 ν | j x |gr are the matrix elements of the Coriolis mixing of the states ground and K π = 1 + ν rotational bands, and ω rot (I) is the rotational frequency of the core.
Electromagnetic characteristics
In this scheme, for the reduced probabilities of M1-transitions from the states of K bands, we have the following formula:
Here, m 1 ν = 1 ν | m(M1)|gr are matrix elements between intrinsic wave functions of ground (gr) and
This formula in the adiabatic approximation for the transition from 1 + ν levels to the ground state yields,
The magnetic moment of the ground band can be written as follows,
By using the analytical expression equation (2) for the wave functions, we are able to obtain the formula for the g R -factor of the ground band states:
This formula allows us to determine the model parameters from the experimentally known values of g R -factor of ground band. The values g 0 are taken from the known g-factors of the I π = 2 + states. In our present model, the expression for the reduced probability of E2-transitions within the ground band can be depicted as [4, 5] : 
Here, m 1 ν = gr| m(E2)|K π -are the matrix elements between the intrinsic wave functions of ground (gr) and K π = 1 + ν bands, whose values are determined from experimental data, and Q 0 -is the intrinsic quadrupole moment of the nucleus being considered.
Results
Calculations have been performed for the isotopes 160 Dy and 170,174 Yb. In [9] , ground band states up to 16 of these nuclei were investigated by Coulomb excitation using the ions of 86 Kr with 350 MeV. It was shown that g R -factors of ground band state were decreased with the increase of angular momentum for all three nuclei.
In this paper, utilizing the experimental data [9] according to equation (8), the parameters 
The parameter ( j x ) 1,gr = ( j x ) 1 ν ,gr appears as a free parameter of the calculations, which is described from the best agreement of g theory R with g exp R . [10, 11] :
where E rot (I) is the rotational core energy. The rotational frequency of the core ω rot (I) and E rot (I) are determined by using Harris parametrization [12] . The values of the inertial parameters of the rotational core are taken from [13] . A comparison between the calculated values of g R -factors with the experimental data [9] for 160 Dy and 170, 174 Yb is given in figures 1-3. The comparison shows that the calculated values of g R -factor decrease with angular momentum I and this is in good agreement with experimental data. Hence, a decrease in g R -factors is associated with mixing states of ground band and states 1 + bands, which possess large values of B(M1) on the ground state. We have to verify the accuracy of our calculations by numerical diagonality of the Hamiltonian of the matrix using model parameters obtained in the description of the g R -factor. Table 2 and table 3 show that the wave functions of the ground-state bands obtained by the perturbation theory and numerical method for 170 Yb and 174 Yb, respectively, are very close. Comparison of the calculated and experimental values [7] of the reduced probability of E2-transitions in 170 Yb. Comparison of the calculated and experimental values [11] of the reduced probability of E2-transitions in 174 Yb. 
Determined values associated with the wave functions are found to be close to each other, even for high spins. The calculated values of the probabilities of E2-transitions by equation (9) are shown in figure 4 and figure 5 for the isotopes 170,174 Yb. They are compared with experiments [7, 11] . We do not display the adiabatic values of the reduced probability of E2-transitions in the figures because it carries values that are close to equation (9).
Conclusions
In this work, non-adiabatic effects manifested in the magnetic properties of a ground band in even-even deformed nuclei are studied. A simple phenomenological model taking into account the Coriolis mixing of states of the ground and K π = 1 + ν bands is proposed. Using perturbation theory, the corrections for the wave functions of states are determined. This paper obtains an analytical expression to determine the g R -factor of the states in the ground rotational band, which allows the model parameters to be determined in collaboration with the experimentally known g R -factor.
The calculations are carried out for isotopes 160 Dy and 170,174 Yb. Finally, it is noteworthy that there is an obvious inverse relation between g R -factor and angular momentum I of the ground band states. This has been explained by the mixture states of the ground and K π = 1 + ν bands, which have a strong reduced probability of M1 to the ground state. The reduced probabilities of E2-transitions within the ground band are calculated, which provides favored correspondence with the experimental data. It is shown that the magnetic characteristics of the ground band of 160 Dy and 170,174 Yb have been found to be more sensitive than that of the electric properties.
